Extreme weather events represent serious risks for human activities and infrastructures. Hazards such as floods and droughts are one of the main challenges of the 21st century because of their significant societal and economic implications. In particular, their intensification puts a strain on the continuity of energy supply. The aim of this piece of work is to assess climate changes in average and extreme precipitations for the forthcoming decades over Italy. Two future scenarios have been elaborated (medium-term, 2021-2050 and long-term, 2071-2100) by analyzing Med-CORDEX simulations at a horizontal resolution of about 50 km in two emission scenarios (RCP 4.5 and RCP 8.5). First, model values were bias-corrected by referring to E-OBS data, then a subset of standard indicators (WMO, 2009) was considered to investigate the change of climate signal. Despite some degree of uncertainty, the most significant climate change signals concern a general decrease in the average rainfall and an increase in extreme precipitation over some regions. The intensification of these events will lead to higher risks for electric failures; the reduction of mean precipitations will lead to a decline in hydroelectric power generation as well as water stress in cooling thermoelectric power plants.
Introduction
There is a general awareness that the climate is changing and extreme weather events (like storms, floods, heat waves and droughts) are steadily growing with increasing risks for the social, environmental and economic sectors.
The energy sector may also be very vulnerable to climate change. As mentioned by the U.S. Department of Energy (DOE) (2013), at least three major climate trends are relevant to the energy sector:
• Increasing air and water temperatures
• Decreasing water availability in some regions and seasons
• Increasing intensity and frequency of storm events, flooding, and rising sea level
In particular:
• Thermoelectric power generation facilities are at risk if water availability decreases and/or ambient air and water temperatures increase, as such meteorological conditions reduce the efficiency of cooling, increase the likelihood of exceeding water thermal intake as well as the effluent limits to protect local ecology, and increase the risk of partial or full shutdowns of generation facilities.
• Energy infrastructures sited along the coast are at risk from rising sea level, and storms with increasing intensity. In addition, oil and gas production, refining, and distribution, as well as electricity generation and distribution may be disrupted by higher storm surge and floods.
• Renewable energy resources, particularly hydropower, can be affected by changing precipitation patterns, increasing the frequency and intensity of droughts, and increasing temperatures.
• Electricity transmission and distribution systems may operate less efficiently when ambient air temperatures are higher, and they may face increasing risks of physical damage from more intense and frequent storm events or wildfires.
• Fuel transport is susceptible to increased interruption and delay if periods of drought and flooding, that affect water levels in rivers and ports, become more frequent.
• Electricity demand for cooling will likely increase in a warmer climate, while the demand for fuel oil and natural gas for heating is expected to decrease with increasing temperatures.
The Mediterranean region has been detected as one of the most prominent "Hot-Spots" in the future climate projections (Giorgi, 2006) . Because of the interactions between a sub-tropical regime and mid-latitude synoptic activity driven by the westerly flow, small variations of the general circulation may shift mid-latitude storm tracks or sub-tropical highpressure cells, implying significant changes in the Mediterranean climate.
Many authors (Ababou et al., 2017; Longobardi and Villani, 2010; Arnone et al., 2013 ) report a strong negative trend observed in Mediterranean regions. The Italian Peninsula located at the center of the Mediterranean basin, may be affected by these changes, too (Coppola and Giorgi, 2010; Faggian and Giorgi, 2009) .
As reported in the EU Report (2013) , if left unmanaged, climate change may significantly affect the operational, financial, environmental and social performance of large fixed assets and infrastructures. Forzieri et al. (2016) raise serious concerns about an upsurge in climate hazard in Europe: the damages from climate extremes to critical infrastructures and key investments in the energy, transport, industrial and social sector, which at present total C3.4 billion a year, could triple by the 2020s, multiply six-fold by mid-century, and come to more than 10 times by the end of the century, with the highest economic losses projected for industry, followed by the energy sector. The severity of climate impacts on infrastructures may vary across the EU and according to individual locations and geophysical risk exposure.
The climate-weather conditions could be more serious again in the coming decades: many studies project a precipitation decrease over the Mediterranean area, especially during summer (Heinrich and Gobiet, 2011; Nikulin et al., 2011; Smiatek et al., 2009; Scoccimarro et al., 2015) . These results are reinforced for Italy by some additional future scenarios gathered by analyzing different ENSEMBLES models (Faggian, 2015) . Concerning this point, it is worth noting that the incidence of extreme precipitation in a warmer climate may possibly increase even in areas where the mean precipitation is projected to decrease (Allan and Soden, 2008; Trenberth et al., 2003) .
Due to the complex topography and interactions between land and sea, the Mediterranean region is well known to be an area that is severely affected by extreme precipitation events (Alpert et al., 2002; Lionello et al., 2012) . Substantial variability is found between the western and the eastern Mediterranean, but also on much smaller spatial scales due to the interaction of synoptic-scale and meso-scale processes triggering extreme precipitation (Doswell et al., 1998) . Toreti et al. (2010) , by studying extreme precipitation during the extended winter season at twenty Mediterranean coastal sites, note that at all the stations, precipitation extremes make a significant contribution (around 60%) to seasonal totals.
The interaction between convective processes originating on the warm sea and sudden orographic lifting very close to the coast produces heavy rainfall. Often, the rain accumulated in 1 h accounts for the entire monthly average for that location (Rebora et al., 2012) .
The undeniable intensification of extreme weather events also puts a strain on the continuity of the electricity service, as electricity systems were not designed to withstand many of the extreme weather events occurring today. Moreover, many parts of the electricity grid are old, outdated and in poor condition, making the systems even more vulnerable.
By the 2050s, so within the lifecycle of energy infrastructures, an increasing risk for network resilience and energy reliability is expected as climate change and extreme weather events could likely exceed the design parameters and other limits of power system assets and operations. Therefore, the need to assess the importance of climate change in order to help in the development of appropriate adaptation strategies is essential.
In the energy community, much of the attention has centered on the impact of water availability for the different processes of the energy sector and the energy sector's impact on water quality and quantity (Water-Energy Nexus). Both water and energy underpin economic and social development. As both water and energy needs are projected to increase, and the dependencies in both directions are set to intensify rapidly (IEA, 2016) , it has become fundamental to understand the links between the two to anticipate future stress points and to implement policies, technologies and practices that soundly address the associated risks.
Precipitation is clearly a key variable in determining the water availability and can also represent a hazard for the energy sector in case of floods or drought conditions. In particular, in Italy the excess load of ice and snow on overhead power lines due to heavy wet snowfall events is the principal cause of "major power outages" of electric supply during the winter season (Bonelli et al., 2011) , whereas in warm seasons strong thunderstorms, associated with hail, gusty winds, tornadoes and heavy rain may threaten electric supply, above all in regions between the Po Valley and the Alps. Some significant signals regarding precipitation changes over Italy have been pointed out by Brunetti et al. (2004 Brunetti et al. ( , 2006 who found an increase of the intensity of precipitation and extreme events in the last decades, despite a reduction in the number of wet days and the average annual precipitation. The current climate information does not allow stakeholders and policy-makers to make accurate decisions on future infrastructure and operational requirements. Thus, the analysis of the state-of-art models represents the most appropriate tool to get new information about climate variability and change over the coming decades in order to improve vulnerability assessment and resilience planning.
The description of the regional distribution of increased extreme rain is not insignificant. As the attribution of precipitation variability to specific climate forcing is still uncertain, increasing the confidence of future projection of rainfall patterns remains a challenge (Sun et al., 2012) .
Global climate models (GCMs) are powerful tools to assess global-scale climate variability and change: they generally operate at coarse horizontal resolutions (100-250 km) and are not yet appropriate for investigating the hydrological impacts of future extreme precipitation events at a local scale. The development of regional climate models (RCMs) led to a better representation of climate variability and change at local scales, and nowadays they are currently able to perform dynamical downscaling of GCMs at very high horizontal resolutions (∼ 10 km). The increased spatial resolution allows a better representation of surface heterogeneities and mesoscale atmospheric processes like convection (Fowler et al., 2007) . In fact, the evaluation of the ability of RCMs to reproduce precipitation in the Mediterranean area in multimodel ensembles from the PRUDENCE (Jacob et al., 2007) , ENSEMBLES (Lenderink and Van Meijgaard, 2010) and EURO-CORDEX (Jacob et al., 2014) projects has pointed out the improvement of the model's skills with an increase of the horizontal resolution (Rauscher et al., 2010) .
The aim of this piece of work is to further investigate possible changes in mean and extreme precipitation regimes over the Italian Peninsula based on Med-CORDEX models, which are the state-of-art regional simulations over the Mediterranean Basin. As part of the global CORDEX framework, the Med-CORDEX initiative (https://www.medcordex.eu/) provides regional climate projections for Europe at 50 km (EUR-44) and 12.5 km (EUR-11) resolutions, complementing coarser regional simulations of former activities, like PRUDENCE and ENSEM-BLES among others. These new models downscale the CMIP5 global climate projections (Taylor et al., 2012) in the new representative greenhouse gas concentration pathways (RCPs) (Moss et al., 2010; Detlef et al., 2011; Meinshausen et al., 2011) . They use regional atmospheric, land surface, river and oceanic climate models and coupled regional climate system models to increase the reliability of regional climate information and understand the processes responsible for the Mediterranean climate variability and trends in order to give coherent climate scenarios for the coming decades with high spatial resolution. The paper is organized as follows: in Section 2 the data-sets and the methodology used are described; in Section 3 some future scenarios are discussed; in Section 4 the more meaningful conclusions are summarized.
Data and methodology
In this study, daily precipitation outputs from EUR-44 models were used instead of EUR-11 because many more EUR-44 simulations were available compared to the higher resolution EUR-11. Ten simulations consisting of five Regional Climate Models (RCMs), nested in different Global Circulation Models (GCMs), forced by the RCP 4.5 and RCP 8.5 emission pathways, were considered (Table  1) . Moreover, E-OBS (Haylock et al., 2008) , a daily gridded observational dataset at 0.25°resolution (about 25 km), was used as reference data to characterize the current precipitation regimes.
It is known that regional climate models (RCMs) exhibit systematic biases in precipitation, due to limited process understanding or insufficient spatial resolution (Rauscher et al., 2010) .
Hence, RCM simulations need to be postprocessed (i.e. statistically adjusted, bias corrected) in order to produce reliable estimates of local scale climate used for climate impact assessments. Gudmundsson et al. (2012) reviewed different approaches using statistical transformations (classified into: distribution derived transformations, parametric transformations and nonparametric transformations) to postprocess RCM outputs and demonstrated an overall success in removing biases in RCMs. But they also demonstrated that the performances of methods differ substantially and stressed that each technique should be applied after checking its suitability for the data under consideration.
The approach adopted here is inspired by Piani et al. (2010) , who use a parametric transformation, i.e. a gamma distribution-based quantile mapping technique for the biascorrection of daily precipitation. However, in our study, a nonparametric transformation, based on quantile-quantile mapping (Boé et al., 2007) , was chosen because it has the advantage of being independent from the underlying distribution of the variable considered. Moreover, the choice of a nonparametric bias-correction procedure was promoted by Gudmundsson et al. (2012) who showed clearly non-parametric transformations have the highest skill in systematically reducing biases in RCM precipitations compared to parametric ones.
Traditional quantile mapping is not recommended for bias correction. In fact, Cannon et al. (2015) found that quantile mapping may inflate relative trends in precipitation extreme indices, often by a substantial amount. Alternative methods, such as Equidistant Quantile Mapping (Li et al., 2010) or Quantile Delta Mapping (Cannon et al., 2015) are preferred as they are able to preserve the changes in the quantiles simulated by climate models, considering that it is necessary to preserve the relative changes of variables related to atmospheric moisture, like precipitation, to maintain the physical scaling relationship with the model temperature changes. In this study, the Equidistant Quantile Mapping method (EQM) (Li et al., 2010; Sachindra et al., 2013) was used.
The thirty-year 1971-2000 period was analyzed as the reference period; the future scenarios were elaborated for two periods: 2021-2050 as the short-term scenario and 2071-2100 as the long-term one. The procedure adopted in this study consists of six steps:
1. First, the statistical consistency of the modelled precipitations with the climatology described by E-OBS was evaluated for each model in the reference period.
2. Then Med-CORDEX simulations were downscaled to E-OBS resolution by using bilinear interpolation.
3. The re-gridded fields were bias-corrected on the basis of E-OBS data in the reference period, by using a nonparametric transformation EQM (Li et al., 2010; Sachindra et al., 2013) . The procedure was applied over each grid point for each simulation and it is schematized in Fig. 1 , and a validation period (consisting of all the odd-numbered years of the same time-framework) were considered. Then, the EQM technique was applied to the daily precipitation time series for each grid point in the training period and the resulting coefficients were used to perform the correction to precipitations in the validation years.
5. After verifying the effectiveness of the correction procedure, the whole set of RCM simulations were biascorrected. Change Detection and Indices (ETCCDI) (WMO, 2009) related to the daily precipitations were considered. In fact, as such indices give redundant information, the investigation was focused on the three following indices:
• PRCPTOT (the total annual precipitation [mm/d]) to describe mean precipitation variations,
• R99PTOT (the annual total precipitation when daily wet day amount >99th percentile [mm/d]) to investigate extreme events,
• CDD (the maximum number of consecutive dry days [days]) to get some information about droughts.
A schematic representation of the procedure adopted in this piece of work is shown in Fig. 2 .
Before discussing the results, it may be useful to consider that the major drawback of all the statistical downscaling methods is that they rely on the assumption that the relationship between predictors and regional climate is unchanged in future climate conditions. However, this hypothesis cannot be totally verified. Moreover, two kinds of 'stationarity assumptions' underlie these approaches:
1. the physical parameterizations of RCMs remain applicable to climate change conditions;
2. the correction function established for the present climate is still applicable to altered climates.
It is also worth noting that the accuracy of the bias correction is limited by the quality of the observational data used. The E-OBS data has been found to be over compensated both in precipitation and temperature values, especially over the alpine regions, due to the limited number of meteorological stations used in spatial interpolation of highly complex orographic regions, leading to reduced areaaveraged data (Turco et al., 2013; Hofstra et al., 2009; Flaounas et al., 2012) . Consequently, bias-corrected data may be less reliable in data-sparse regions.
Discussion of the results

Historical period
The Mediterranean Region is characterized by a typical seasonal cycle. Therefore, the performances of models have been verified on a seasonal scale (step 1). By a visual comparison of each RCM and E-OBS panel, it is possible to see at a glance the skill of each model in describing the current precipitation regimes, according to E-OBS maps. It is remarkable that each model can capture the main futures of the precipitation, but often they show some biases, which may be more or less pronounced depending on the model, as well as the region and the season. However, as mentioned before, there are some deficiencies regards E-OBS dataset, especially in the Alpine regions, due to the limited number of meteorological stations used for characterizing this area. Thus, the results concerning this region are somewhat uncertain.
After downscaling the computing models through a bilinear interpolation (step 2) and applying a bias-correction to RCMs outputs (step 3), a cross-validation was performed (step 4). Table 2 reports the Mean Absolute Errors (MAE), compared to E-OBS data, calculated for each model in the validation period: the very low errors of the bias-corrected data (CORR) clearly highlight that they are more statistically coherent with the current climate than those that have not been bias-corrected (ORIG). Next, the bias correction was performed for all the RCM simulations (step 5). Further research was conducted by testing a seasonal bias correction, but without significant improvements compared to the annual correction (not shown). Lastly, climate change signals were investigated by calculating the aforementioned indices from each model. The analysis was done for each model and by considering the whole set of simulations, i.e. without neglecting the coincidence between models to test the confidence of the results (step 6).
Future scenarios
From this point on, the percentage variations of the indices PRCPTOT, R99PTOT and CDD regarding the reference period are considered separately. Fig.   4 to 7 show the results for the two future periods (short-term and long-term) and under the two forcings: RCP 4.5 and RCP 8.5.
Each figure consists of different maps reporting the percentage variations of the three indices (one for each row), for each model (one for each column): yellow, orange and reddish colors are used to express a decrease in the index; on the contrary, light blue, cyan, blue and violet colors are used to indicate an increase of it. The black dots mark the pixels for which the difference between the future scenario and historical period is statistically significant at 5% according to the Wilcoxon rank-sum test. On the right of each row, two additional panels are reported: "Average variation" and "Confidence" maps: the first map is inferred by considering only the models giving a statistically significant signal and is visualized using the same colors as for describing the percentage variations of the single models; the second one states the coincidence between the models (i.e. the confidence of the results) about the sign of changes projected for that index. This map is obtained by counting the models giving a statistically significant increase/decrease and it is visualized according its corresponding legend. The pixels are white where there are no statistically significant signals or the number of models that indicate a growing trend is equal to that of models that indicate the opposite. If the models disagree in the projection, the corresponding pixels are depicted with a color corresponding to the stronger signal, whereas the small dot inside the same pixel is colored according the weaker signal.
3.2.1 Future projections under RCP 4.5 forcing in the short-term period (Fig. 4) By analyzing the maps relating PRCPTOT changes (first row of the figure), some models show a significant decrease (∼ 10-20%) of the total precipitation in the 2021-2050 period, especially in the south, with low-medium confidence (1-2 models out of 5) in Southern Italy; elsewhere generally no information or low confidence about future decrease has been found.
As far as the R99PTOT index (second row of figures) is concerned, a strong increase in extreme precipitation is inferred, some areas are even projected to be affected by an increase of about 70-100%. However, because of the high spatial variability (different patterns are inferred from the models), there is very low confidence in localizing the increase of this index.
Regarding CDD, the projections give an increase of between 20 and 40%. In particular, a likely increase of CDD R. Bonanno and P. Faggian: Changes in the precipitation regime over the Italian Peninsula and their possible impacts on the electric system in Central and Southern Italy (2-3 models out of 5) can be noticed.
3.2.2 Future projections under RCP 4.5 forcing in the longterm period (Fig. 5) The models describe a general decrease in PRCTOT of between 20 and 40% by 2071-2100, with the exception of ALADIN that shows a statistically significant increase over the North Eastern Alpine Region and the east coasts of Southern Italy. The results of the decrease in total precipitation in Central and Southern Italy have to be considered with medium confidence (2-3 models out of 5) over the Apennines and Sardinia. A high coincidence among models (3-4 models out of 5) is found locally in some regions in Southern Italy (Calabria and Sicily). Elsewhere, generally no information or low confidence in precipitation changes was found (in the North-Eastern Alpine Regions, namely Trentino Alto Adige).
The R99PTOT scenario is depicted more clearly for the long-term than the short-term, as a stronger increase in frequency and intensity of extreme precipitations is projected.
By considering the statistically significant changes together, a likely increase (2-3 models out of 5) comes up locally in north eastern, north western Italy and over the Apennines between Central and Southern Italy.
A strong increase of CDD is expected with statistically significant changes of between 30 and 50%. As described by the confidence map, there is a high coincidence of such results (3-4 models out of 5) and, therefore, mediumhigh confidence about the increase of consecutive dry days over Central and Southern Italy; instead, a low-medium coincidence between models (1-2 models out of 5) is found for Northern Italy.
3.2.3 Future projections under RCP 8.5 forcing in the short-term period (Fig. 6) The short-term RCP 8.5 scenarios are very similar to the short-term RCP 4.5 ones, despite some small differences. A decrease in PRCPTOT with low-medium confidence (2/3 models out of 5) is projected over the southernmost part of Italy (Calabria and Sicily regions) and Sardinia; a precipitation increasing with low-medium confidence is inferred for northernmost Italy (Trentino Alto Adige), whereas in the rest of Italy the signal is weaker and there are some uncertainties about the precipitation decrease (1 model out of 5).
A strong intensification of extreme events is expected locally, because R99PTOT is projected to increase by about 70-100% over some areas.
Despite the high spatial variability of this index, clearer results are gathered in comparison with RCP4.5 ones, as there is medium confidence about the increase of extreme events over the North-East and a few regions in Central Italy. Elsewhere, no signals are appreciable because of the absence of significant trends.
All the models describe an increase in the length of dry spells, analogously with the RCP 4.5 projections, except for REGCM, the results of which show appreciable increases of CDD (generally between 50 and 70% with some peaks in Central Italy of up to 70%). The GUF-CLM model shows a weaker increase compared to the other scenarios in the same period, whereas ALADIN shows a stronger and statistically significant decrease in CDD index on the Adriatic coast in Central Italy. As a result, some uncertainties characterize the expected increase of CDD by 2021-2050 in RCP 8.5 scenario, projected by 2-3 models over southern areas, 1-2 models over Central Italy and at least one model for the North.
3.2.4 Future projections under RCP 8.5 forcing in the longterm period (Fig. 7) Under the RCP 8.5 emission scenario in the long-term 2071-2100 period, all the models project a general decrease in PRCPTOT of between 20-40%, locally of up to 50% in Southern Italy and Sardinia, with the only exception of ALADIN model whose index increases significantly in the North Eastern Alpine Regions and on the East Adriatic coast of Central and Southern Italy. As reported by the confidence map, total precipitation is expected to decrease over Central Italy (especially over the Apennines) and Southern Italy with reasonably high confidence (4 models out of 5 with the ALADIN's evident countertrend on the east Adriatic coast), whereas a precipitation decrease along the Central Tyrrhenian coast and in Northern Italy is projected with low-medium confidence.
The R99PTOT index points out a stronger increase in frequency and intensity of extreme events by the end of the century, compared to the RCP 8.5 short-term projections and the RCP 4.5 scenarios. In particular, according to some models (CNMM-CCLM, ALADIN and REGCM), most of our country is projected to be affected by a statistically significant increase (70-100%) of heavy precipitations: a very likely increase (3-4 models out of 5) of extreme precipitation is projected over most of central Italy and locally in the south, as well as the Northern Alps. A virtually certain increase of extreme events is expected in North Eastern Italy (Trentino Alto Adige, Friuli Venezia Giulia and Veneto regions). Elsewhere, a low-medium likely increase of extremes was found.
The models point out a remarkable increase (of at least 20%) in the length of dry spells over most of Italy, except for ALADIN simulations whose CDD values are expected to decrease over the Alps without significant signals elsewhere.
Also, the LMDZ4 model projects CDD decreasing over the Alpine region, but only for the eastern part. On the whole, an increase in the length of dry spells is likely or very likely (more than 60%) over most of Italy at the end of the century, except for the Alps, above all in the eastern part for which there is a lower model coincidence.
Considering the analysis from a seasonal point of view (the maps are not shown for the sake of brevity), a likely decrease in precipitation is expected to be more pronounced in the summer season: for RCP 4.5, 10% in the short term and 10-20%, locally up to 20%, in the long term; for RCP 8.5, on average ∼10-20% in short term and ∼40-50% in the long term. In this last case, with high confidence (4 models out of 5), Central Italy and Sardinia will be affected by the most serious precipitation decrease. In the spring and fall seasons, the magnitude and the confidence of decrease are generally lower. Instead, in the winter season, an increase of precipitation is likely over Northern Italy, especially over the Alps with confidence ranging from medium to high degree for long-term scenarios under RCP 8.5 forcing.
Summary
This study assesses the changes in precipitation regimes expected over Italy, considering their significant implications for both energy and water security. Some future projections (short-and long-term) regarding the changes of precipitation regimes expected over Italy have been elaborated through the computation of some ETCCDI indices. By focusing the analysis of three of them (PRCPTOT, R99PTOT and CDD) on the two emission scenarios RCP 4.5 and RCP 8.5, some significant signals have been found, such as the "Average variation" and "Confidence" maps that Fig. 4 to 7 show:
• PRCPTOT maps highlight a weak signal of precipitation decrease in the short term in both the RCP forcings over southern areas (generally lower than 10%) with medium-low confidence. In the long-term RCP 8.5 configuration, a very likely decrease in total precipitation is expected in Central and Southern Italy and Sardinia (20-30%), whereas a lower decrease is projected for Central Italy (10-20%), 10% lower than for elsewhere. The long-term RCP 4.5 projection has an analogous pattern but with lower confidence with decreasing values between 10 and 20% in the southernmost regions, 10% lower than for elsewhere.
• Concerning the R99PTOT changes, an increase in extreme precipitation was found by the middle of the century with some uncertainties under RCP 4.5 forcing, whereas the signal is a bit clearer (low-medium confidence) under RCP 8.5 hypothesis over Northeast and Central Italy, with an increase of about 30-40%, locally exceeding 40% for the regions characterized by the highest occurrence probabilities. In the long term, the results are: in RCP 8.5 forcing, the risk for an increase of strong convective phenomena and floods affects the northeast, northwest and center of the Italian Peninsula with medium confidence, it is almost certain for northeast areas where the increase of R99PTOT is expected to be between 70 and 100%; in RCP 4.5 configurations, an increase of extreme precipitations is projected with low-medium confidence above all in the northwest areas, the northeastern Alpine regions (mainly Trentino Alto Adige) and in the regions between Central and Southern Italy, with variations of between 50 and 70%, locally also up to 70%.
• In the short term, all the scenarios highlight an increase in the length of dry spells with low-medium confidence for Central and Southern Italy and low confidence in the North. In the regions where the highest coincidence among the models is found, the CDD variations ranges from 5 to 20%. By 2017-2100 an increase of CDD is expected. The variation is about 10-30% with mediumhigh confidence in Central and Southern Italy in RCP 4.5 configuration and ranges between 40 and 70% with very high confidence (even though lower over the Alps) under RCP 8.5 forcing.
To summarize the results, most models coincide in projecting a general decrease in total precipitation (more likely in Central and Southern Italy), as well as an increase in heavy precipitations events and a lengthening of dry periods, even if sometimes the signal of change is not statistically significant and some difficulties were found in localizing the projections.
In spite of some uncertainties and considering that the high variability in projected geographical patterns of heavy precipitation intensity is due to structural and parametric model uncertainty and internal climate variability (e.g. Knutti and Sedlácek (2013) ; Schindelr et al. (2015) , the scenarios highlight increasing risks for the electroenergy system, above all, under the RCP 8.5 configuration describing very high greenhouse gas emission; the reduction of precipitations and the lengthening of dry spells may hinder hydroelectric power generation and threaten water resource for cooling the thermoelectric power plants. Extreme events may cause a decrease in hydroelectric power generation, too, as flood events may hamper the management of hydroelectric plants. More generally, an increase of extreme events may intensify local flooding (e.g. flash flooding and urban flooding) and lead to damages to electric infrastructures with further risks for electric failures.
Moreover, combined with a warmer climate, fewer precipitations and longer drought periods may lead to an increase in energy power demand and also to a loss of capacity in transporting energy.
There is an urgent need to adapt to climate change, even because such phenomena are also correlated to heavy wet snowfalls in winter and deep convection with strong wind gusts and hail in the other seasons.
A new high-resolution dataset of climate simulations coming from the Euro-CORDEX project is available for impact studies. At the moment, this dataset consists of 14 models at 12 km resolution, both for the RCP 8.5 scenario and for the historic period .
By using these data, further investigation is planned in order to get more reliable information, thanks to the much higher number of climate models available. A detailed analysis for the temperature is also planned to have a more complete view of the combined effects of extreme temperatures and precipitations on the electro-energy system and, therefore, to gather information required to develop appropriate resilience solutions. All this information will be used to quantify the impacts mentioned above on the electroenergy system.
